Glycosylation is one of the common posttranslational modifications in eukaryotes. Recently, glycosylated proteins have also been identified in prokaryotes. A few glycosylated proteins, including gingipains, have been identified in Porphyromonas gingivalis, a major pathogen associated with chronic periodontitis. However, no other glycosylated proteins have been found. The present study identified glycoproteins in P. gingivalis cell lysates by lectin blotting. Whole-cell lysates reacted with concanavalin A (ConA), Lens culinaris agglutinin (LCA), Phaseolus vulgaris erythroagglutinin (PHA-E4), and wheat germ agglutinin (WGA), suggesting the presence of mannose-, N-acetylgalactosamine-, or N-acetylglucosamine (GlcNAc)-modified proteins. Next, glycoproteins were isolated by ConA-, LCA-, PHA-E4-, or WGA-conjugated lectin affinity chromatography although specific proteins were enriched only by the WGA column. Mass spectrometry analysis showed that an OmpA-like, heterotrimeric complex formed by Pgm6 and Pgm7 (Pgm6/7) was the major glycoprotein isolated from P. gingivalis. Deglycosylation experiments and Western blotting with a specific antibody indicated that Pgm6/7 was modified with O-GlcNAc. When whole-cell lysates from P. gingivalis mutant strains with deletions of Pgm6 and Pgm7 were applied to a WGA column, homotrimeric Pgm7, but not Pgm6, was isolated. Heterotrimeric Pgm6/7 had the strongest affinity for fibronectin of all the extracellular proteins tested, whereas homotrimeric Pgm7 showed reduced binding activity. These findings suggest that the heterotrimeric structure is important for the biological activity of glycosylated WGA-binding OmpA-like proteins in P. gingivalis.
carbohydrate groups (28) , according to the manufacturer's protocol. Antiserum specific for the Pgm6/7 protein derived from the ATCC 33277 strain was used as the primary antibody for Western blotting (29) .
Lectin blotting. Proteins were separated by SDS-PAGE and electrophoretically transferred to a nitrocellulose membrane. Staining with horseradish peroxidase-conjugated lectins (concanavalin A (Table 2 ) was performed according to the manufacturer's recommendations (J-Oil Mills, Tokyo, Japan). In brief, the membrane was blocked in 10 mM Tris-HCl (pH 7.4) containing 0.15 M NaCl and 0.05% (vol/vol) Tween 20 (TBS-T) at 4°C for 1 h. The membrane was then incubated with peroxidase-conjugated lectin (diluted 1:100 in TBS-T) at 20°C for 3 h. After excess lectin was removed by rinsing with TBS, the membrane was developed using 3,3=-diaminobenzidine (DAB).
Lectin affinity chromatography. All steps were performed at 4°C. Whole-cell lysates derived from P. gingivalis were solubilized with 1% dodecyl maltoside (DM). Solubilized proteins (5 mg) were applied to a lectin-conjugated agarose minicolumn (17 lectins; J-Oil Mills) ( Table 2) and then washed with 10 bed volumes of 10 mM Tris-HCl (pH 7.4) containing 0.15 M NaCl and 0.03% DM. The bound proteins were eluted with corresponding inhibitory sugars in the same buffer according to the manufacturer's instructions. The eluted proteins were extensively dialyzed against 10 mM Tris-HCl (pH 7.4) and concentrated using Ficoll PM400 (GE Healthcare, Uppsala, Sweden). The concentrated proteins were then subjected to SDS-PAGE.
Protein analysis by MS. Isolated proteins were identified by matrixassisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) as described previously (30, 31) . CBB-or SyproRubystained protein bands were excised from the SDS-PAGE gels and digested with trypsin. The resulting peptides were extracted, concentrated, and analyzed in a 4800 MALDI-tandem TOF (TOF/TOF) analyzer (Applied Biosystems, Foster City, CA, USA). The proteins were deduced from the MS peaks using the peptide mass fingerprinting methods within MASCOT (Matrix Science, Boston, MA) and identified according to the significance criteria set by the search program (P Ͻ 0.05).
Protein modifications were identified at the Proteomics/Mass Spectrometry Laboratory at the University of California, Berkeley. Tryptic peptides were analyzed by one-dimension liquid chromatography coupled with tandem MS (LC-MS/MS) using an Agilent 1100 series high performance LC (Palo Alto, CA, USA) coupled to a Thermo LTQ XL linear ion trap mass spectrometer with an electrospray ionization source (Waltham, MA, USA). The programs SEQUEST and DTASelect were used to identify peptides and proteins from the database (32, 33) .
Deglycosylation assay. Chemical deglycosylation of OmpA-like proteins was performed using anhydrous trifluoromethanesulfonic acid (TFMS) containing 10% anisole (23) . Enzymatic deglycosylation of OmpA-like proteins was performed using a commercial kit (Prozyme, San Leandoro, CA, USA). N-Glycanase (peptide-N-glycosidase F), sialidase A, and O-glycanase (endo-␣-N-acetylgalactosaminidase) were used according to the manufacturer's protocols. Bovine fetuin was included as a positive control. Deglycosylation efficiency was monitored by SDS-PAGE, followed by CBB and Pro-Q emerald staining.
Detection of possible O-GlcNAc modifications. A monoclonal antibody highly specific for O-linked N-acetylglucosamine (O-GlcNAc) (clone CTD110.6; Abcam, Cambridge, United Kingdom) was used to probe the transferred proteins (34) . Blots were incubated with horseradish peroxidase-linked goat anti-mouse IgM (Dako, Glostrup, Denmark) and developed with an ECL Plus Western blotting detection system (GE Healthcare). ␣-Crystallin (Sigma-Aldrich, St. Louis, MO, USA), which contains O-GlcNAc, was used as a control protein (35) .
Binding assay. Binding of isolated OmpA-like proteins to ECM proteins was examined in an enzyme-linked immunosorbent assay (ELISA) performed in polystyrene microtiter plates (96-well MaxiSorp; Nunc, Roskilde, Denmark). The plates were coated with fibronectin, laminin, collagen type I, or collagen type IV (Sigma-Aldrich) (20 g ml Ϫ1 protein dissolved in 10 mM Tris-HCl, pH 8.0; 100 l/well) at 4°C overnight (36) . After three washes with Dulbecco's phosphate-buffered saline (PBS; pH 7.4) containing 0.05% (vol/vol) Tween 20, the wells were blocked with 300 l of 1% (wt/vol) bovine serum albumin (BSA) in PBS at room temperature for 2 h, washed again, and then incubated with 100 l of isolated OmpA-like proteins at room temperature for 2 h, followed by a further incubation at 4°C overnight. After another washing step, the wells were treated with 100 l of anti-Pgm6/7 antibody (1:10,000 dilution) followed by peroxidase-conjugated goat anti-rabbit IgG (1:5,000 dilution). Finally, 
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a TMB (3,3=,5,5=-tetramethylbenzidine) peroxidase enzyme immunoassay (EIA) substrate (100 l; Bio-Rad, Hercules, CA, USA) was added to each well. The reaction was stopped by the addition of 100 l of 0.5 M H 2 SO 4 . The binding activities were assessed by measuring the OD 450 values in a microplate reader (model 680; Bio-Rad). All assays were carried out in triplicate, and the standard deviations were determined. PBS (100 l) alone was used as a negative control. The mean OD 450 value of the negative control was subtracted from that of triplicate wells containing OmpA-like proteins, and the resulting value was defined as net binding. Preliminary experiments were performed to check that the anti-Pgm6/7 antibody showed similar reactivity against heterotrimeric Pgm6/7 and homotrimeric Pgm6 and Pgm7. Bacterial adhesion assay. The bacterial adhesion assay has been described previously (25) . Briefly, P. gingivalis cells (OD 660 adjusted to 1.0 with PBS; 100 l) were added to the wells of a 96-well polystyrene plastic plate coated with ECM molecules as described above. After an anaerobic incubation lasting for 3 h, the plate was washed with PBS. Adherent cells were stained with 1% crystal violet and then washed with water. Adhesion was evaluated by measuring the OD 570 after ethanol elution of the crystal violet. All assays were carried out in triplicate, and the standard deviations were determined. PBS alone was used as a negative control. The mean OD 570 value of the negative control was subtracted from that of triplicate wells containing P. gingivalis cells, and the resulting value was defined as net binding.
Statistical analysis. Student's t test was used for data analysis. Differences were considered significant at a P value of Ͻ0.05.
RESULTS

Lectin blotting.
To identify and characterize putative P. gingivalis glycoproteins, whole-cell lysates of P. gingivalis W50 were separated by SDS-PAGE and blotted onto nitrocellulose membranes. Blots were probed individually with an array of peroxidase-conjugated lectins with different specificities (Table 2 ). Only ConA, LCA, PHA-E4, and WGA reacted with a number of P. gingivalis proteins (Fig. 1) . The sugar specificity of the lectins indicated that mannose, N-acetylgalactosamine, and GlcNAc residues were present on putative P. gingivalis glycoproteins. The binding of peroxidase-conjugated lectins to P. gingivalis ATCC 33277 was similar to that of W50 (data not shown).
Lectin affinity chromatography. P. gingivalis glycoproteins were isolated by lectin affinity chromatography. P. gingivalis W50 whole-cell lysates, solubilized in DM, were loaded onto lectinconjugated agarose columns comprising ConA, LCA, PHA-E4, or WGA. Following extensive washing, the lectin-binding components were eluted with inhibitory sugars. Concentrated eluates were subjected to SDS-PAGE and stained with SyproRuby for sensitive detection (Fig. 2) . Eluates from the WGA column yielded a specific broad 40-kDa band (Fig. 2, band 7) and several weaker bands. Eluates from the PHA-E4, Datura stramonium agglutinin (DSA), and Maackia amurensis agglutinin (MAM) columns yielded a few weak bands. However, the ConA and LCA columns showed very weak glycoprotein adsorption. The binding of some lectins was not consistent between the blotting and chromatography experiments. This may be because the molecular structure was stricter in binding to lectin beads. Since WGA and DSA have overlapping specificities for GlcNAc residues, it was likely that the 40-kDa glycoprotein recognized by these lectins contained GlcNAc residues. The stained bands were cut out from the gel, trypsin digested, and then subjected to MALDI-TOF MS. Proteins were identified by peptide mass fingerprinting and database searching using the MASCOT search engine. The major 40-kDa protein eluted from the WGA and DSA columns (Fig. 2, bands 7 and 11, respectively) was identified as OmpA-like protein Pgm6/7. A list of identified glycoproteins is presented in Table 3 .
Deglycosylation assay. To verify that OmpA-like proteins were carbohydrate modified, OmpA-like protein Pgm6/7 was isolated from P. gingivalis ATCC 33277 using a WGA column, and both chemical and enzymatic deglycosylation assays were performed. Fetuin, a well-known glycoprotein, was used as a positive blotting. P. gingivalis W50 whole-cell lysates were separated by SDS-PAGE under reducing conditions and electrophoretically transferred to a nitrocellulose membrane. The membrane was blocked in TBS containing 0.05% Tween 20 for 1 h at 4°C. The membrane was then incubated with peroxidase-conjugated lectin (1:100 in TBS containing 0.05% Tween 20) for 3 h at 20°C. After excess lectin was removed by rinsing the membrane with TBS, it was developed using 3,3=-dimethylbenzidine. Transferred proteins were also stained with amido black as a loading control.
FIG 2
Isolation of glycoproteins from P. gingivalis whole-cell lysates by lectin affinity chromatography. Whole-cell lysates from P. gingivalis W50 were solubilized with 1% DM. A total of 5 mg of the solubilized proteins was applied to a lectin-conjugated agarose minicolumn overnight at 4°C and then washed with 10 bed volumes of 10 mM Tris-HCl (pH 7.4) containing 0.15 M NaCl and 0.03% DM. After the bound proteins were eluted with corresponding inhibitory (hapten) sugars in the same buffer, the eluted proteins were extensively dialyzed against 10 mM Tris-HCl (pH 7.4) and concentrated by Ficoll dialysis. The concentrated proteins were subjected to SDS-PAGE under reducing conditions. The gels were stained with SyproRuby. Numbered protein bands are identified in Table 3 . Lane M, molecular marker; lane P, whole-cell lysate prior to application to the column.
control. Chemical treatment with TFMS effectively removed the glycans from fetuin as its apparent molecular mass was reduced, and it lost its reactivity with Pro-Q emerald (Fig. 3A) . Intact Pgm6/7 appeared as several diffuse bands around 40 kDa upon Pro-Q emerald staining. Similar to fetuin, Pgm6/7 lost its reactivity with Pro-Q emerald after TFMS treatment although there was no change in the apparent molecular mass. Although the same amounts of proteins were loaded onto the SDS-PAGE gels both before and after treatment with TFMS, for some unknown reason the protein recovered after treatment was not stained well by CBB. These results suggest that Pgm6/7 may be modified by glycosylations. Further enzymatic treatment showed that fetuin was Nglycosylated and sialylated (Fig. 3B) . Presumably, the band observed at about 35 kDa upon CBB staining represented excess N-glycanase. In contrast, neither N-glycanase nor O-glycanase affected the Pgm6/7 protein. According to the manufacturer, Nglycanase treatment is the most effective method of removing virtually all N-linked oligosaccharides from a glycoprotein. However, the O-glycanase used in this assay removes only O-linked core Gal␤(1-3)GalNAc when the unmodified core structure is attached to Ser or Thr residues. Therefore, we could almost exclude the presence of N-glycosylations but could not rule out the possibility that Pgm6/7 carried O-glycosylation.
Detection of possible O-GlcNAc modifications using a specific antibody. Since Pgm6/7 has affinity for the WGA lectin and carries O-glycosylations, the presence of O-GlcNAc modifications was assessed by immunoblotting with a monoclonal antibody specific for O-GlcNAc. ␣-Crystallin was used as a positive control. The O-GlcNAc-modified protein yielded an immunoreactive band of approximately 20 kDa (Fig. 4, arrowhead) . Pgm6/7 from P. gingivalis ATCC 33277 also showed a positive band at 40 kDa (Fig. 4, arrow) . Whole-cell lysates yielded several strongly positive bands, including Pgm6/7, suggesting that O-GlcNAc modification of P. gingivalis proteins is common.
Isolation of OmpA-like proteins from wild-type and mutant P. gingivalis strains. Because OmpA-like protein Pgm6/7 derived from wild-type ATCC 33277 was purified to near-homogeneity by one-step WGA affinity chromatography, we examined whether it was possible to isolate OmpA-like proteins (Pgm6 and Pgm7) from mutant strains. Lysates were prepared from wild-type and mutant cells and loaded onto a WGA column. The eluate from the column was concentrated and subjected to SDS-PAGE (Fig. 5A) . Staining the gels with CBB revealed a band of approximately 120 kDa in both the wild-type and ATCC 33277 with a deletion of the PG0695 gene (⌬695 mutant) under nonreducing conditions, sug- 
FIG 3 Deglycosylation of OmpA-like proteins derived from P. gingivalis. (A)
Chemical deglycosylation of OmpA-like proteins from P. gingivalis ATCC 33277 was performed using anhydrous trifluoromethanesulfonic acid (TFMS) containing 10% anisole. (B) Enzymatic deglycosylation of OmpA-like proteins was performed using a commercial kit. Fetuin was included as a positive control. The deglycosylation efficiency was monitored by SDS-PAGE under reducing conditions, followed by staining with CBB or Pro-Q emerald. Lane M, molecular marker for proteins; lane MG, molecular marker for glycoproteins. and ␣-crystallin, respectively. Lane P, whole-cell lysate prior to application to the column.
gesting that heterotrimeric and homotrimeric structures are formed, respectively (9) . These bands reacted with anti-Pgm6/7 antibody (Fig. 5B) observed at m/z 1,862.591 and 1,700.12 (Fig. 6) . The former was 162.1 Da larger because of a hexose modification at Ser 271 . No N-acetyl hexosamine (203 Da) or sialic acid (291.3 Da) modifications were found. Surprisingly, no modifications were detected within Pgm7 (PG0694). The same result was obtained when we analyzed homotrimeric Pgm7 isolated from the ⌬695 mutant (data not shown). Further investigations are required to determine whether any GlcNAc residues are present.
Binding assay. We next examined the binding of OmpA-like proteins eluted from the WGA column to several ECM proteins (Fig. 7) . Pgm6/7 isolated from the wild-type ATCC 33277 strain showed the strongest binding to fibronectin, followed by laminin and collagen type I. It also bound weakly to collagen type IV. Pgm7 isolated from the ⌬695 mutant showed weaker binding to all of the ECM molecules tested than the wild-type Pgm6/7. Thus, the heterotrimeric structure of Pgm6/7 may be important for binding.
Bacterial adhesion assay. Next, we examined the adhesion of whole bacteria to plates coated with ECM molecules. Wild-type ATCC 33277 cells adhered strongly to all ECM molecules tested. Although fewer ⌬695-⌬694 cells tended to adhere to the plates (Fig. 8) , a good level of adhesion was still observed, presumably due to the expression of adhesion molecules other than Pgm6/7. Significantly more wild-type cells than mutant and mutant strains by WGA column chromatography. Whole-cell lysates from P. gingivalis wild-type and mutant strains were solubilized with 1% DM and applied to a WGA-agarose minicolumn overnight at 4°C and then washed with 10 bed volumes of 10 mM Tris-HCl (pH 7.4) containing 0.15 M NaCl and 0.03% DM. The bound proteins were eluted with GlcNAc in the same buffer and then extensively dialyzed against 10 mM Tris-HCl (pH 7.4) and concentrated. The concentrated proteins were subjected to SDS-PAGE under nonreducing and reducing conditions and stained with CBB (A) and then further analyzed by Western blotting with an anti-Pgm6/7 antibody (B). Lane M, molecular marker. 2ME, 2-mercaptoethanol. Effect of mutating glycosylation-related genes on the glycosylation of OmpA-like proteins that react with WGA. To examine whether glycosylation-related genes are responsible for the WGA-reactive glycosylations expressed on OmpA-like proteins, we tested P. gingivalis mutants of Rfa, UgdA, GtfA, GtfB, PorR, and WbpB (Table 1) . Cell lysates were prepared and subjected to affinity chromatography on a WGA column, followed by SDS-PAGE. Eluates derived from all of the mutants yielded a 40-kDa band on SDS-PAGE gels (Fig. 9) . MALDI-TOF MS identified this band as Pgm6/7 (data not shown). Pro-Q emerald staining confirmed that the bands derived from Rfa, UgdA, GtfA, and GtfB mutants were glycosylated. These data indicate that glycosylation of Pgm6/7 was unaffected in these mutants. Thus, modification of OmpA-like proteins in P. gingivalis may be mediated by other as yet unidentified glycosyltransferases.
DISCUSSION
Here, we showed that affinity chromatography using a WGA column efficiently enriched glycosylated OmpA-like proteins Pgm6 and Pgm7 from P. gingivalis. A previous study showed that molecules expressed on the P. gingivalis cell surface bound to WGA (37) . Thus, we speculated that proteins expressed by P. gingivalis may harbor GlcNAc modifications. In the present study, we used an O-GlcNAc-specific antibody to show that OmpA-like proteins carry O-GlcNAc moieties. To date, glycosylation of OmpA-like proteins has been reported only in Flavobacterium psychrophilum (38, 39) ; however, the type of modified saccharides expressed remains unknown.
We then used a series of mutants of known glycosyltransferases in P. gingivalis (GtfA, GtfB, Rfa, UgdA, PorR, and WbpB); however, all retained affinity for WGA and reactivity with Pro-Q emerald. Although the role of GtfA in glycan biosynthesis was not examined, several studies show that GtfB, Rfa, and UgdA are involved in lipopolysaccharide and anionic polysaccharide biosynthesis (25) (26) (27) . PorR and WbpB are involved in the synthesis of anionic polysaccharides (21, 40) . These results suggest that OGlcNAc modification is independent from the synthesis of extracellular polysaccharides; therefore, other glycosyltransferases would be involved in the glycosylation of Pgm6/7. Moreover, Western blotting with an O-GlcNAc specific antibody suggested that proteins other than Pgm6/7 might carry O-GlcNAc moieties. These findings suggest that P. gingivalis possesses a general O-glycosylation system.
Previous studies identified a general O-glycosylation system in Bacteroides fragilis (19, 41) although no glycosylated OmpA-like proteins from B. fragilis were found; however the putative glycosylation motif D(S/T)(A/I/L/M/T/V) was described. Recently, the same O-glycosylation motif was proposed for S-layer glycoproteins derived from Tannerella forsythia (42) . Since P. gingivalis belongs to the phylum Bacteroidetes, we examined whether this motif was present in the OmpA-like proteins. We identified the motif DST at amino acid residues 372 to 374 in Pgm6 but not in Pgm7. This may be because glycoproteins from B. fragilis and S-layer glycoproteins from T. forsythia are modified by glycans that contain fucose (19, 41, 42) ; therefore, the three-residue motif D(S/T)(A/I/L/M/T/V) within P. gingivalis Pgm6/7 may not be suitable for modification.
In our preliminary experiment, we found that WGA affinity chromatography also enriched glycosylated OmpA-like proteins from Tannerella and Bacteroides species, which also belong to the phylum Bacteroidetes (data not shown). These findings suggest that glycosylation of OmpA-like proteins may be a common phenomenon; however, further examinations are required.
FIG 7
Binding of OmpA-like glycoproteins from P. gingivalis to extracellular matrix (ECM) molecules. Purified P. gingivalis OmpA-like proteins were applied to a polystyrene plastic plate coated with ECM molecules and incubated at room temperature for 2 h and then at 4°C overnight. After being washed, the wells were treated with an anti-Pgm6/7 antibody (1:10,000), followed by peroxidase-conjugated goat anti-rabbit IgG (1:5,000). EIA peroxidase substrate, 3,3=,5,5=-tetramethylbenzidine, was then added to each well. The reactions were stopped by the addition of 100 l of 0.5 M H 2 SO 4 . The binding activity was assessed by measuring the OD 450 values in a microplate reader. All assays were performed in triplicate, and the standard deviations were determined. *, significantly different from Pgm6/7 (P Ͻ 0.05). The O-GlcNAc modification is an important dynamic regulatory modification in eukaryotic cells (43) . However, few studies report this type of modification in prokaryotes. For example, the flagellum protein of Listeria monocytogenes is modified with OGlcNAc (44, 45) . A very recent study demonstrated that the major autolysin Acm2 from Lactobacillus plantarum is also modified with O-GlcNAc (46) . Presumably, the bacterial O-GlcNAc moiety may be involved in virulence, as well as having a regulatory function.
WeusedanewlydevelopedpredictionprogramcalledOGlcNAcScan to identify putative O-GlcNAc attachment sites. The program was trained using protein sequences bearing known O-GlcNAcylations (47 . We then attempted to analyze trypsin-digested OmpA-like proteins derived from P. gingivalis by MS to confirm the presence of O-GlcNAc modifications; however, we obtained sequence coverage of around only 50% and so were not able to clearly identify any such sites. This approach is complicated by several obstacles. First, many glycoproteins are resistant to trypsin, and the resulting glycopeptides are often too large for MS analysis (48) . Second, nonglycosylated peptides within tryptic digests tend to suppress the signal generated by glycopeptides, which have much poorer ionization efficiency (49) . Third, O-GlcNAc glycosylation shows very low stoichiometry, and the sugar-protein linkage is highly labile (50) .
We must also consider the affinity of the lectin used in this study. Although WGA is thought to be specific for O-GlcNAc, it also binds sialic acid and (albeit weakly) glucose (51, 52) . It may be that metabolic labeling methods developed in mammalian cells might be useful tools for identifying of O-GlcNAc modifications on OmpA-like proteins (53) .
We also used WGA lectin to isolate OmpA-like proteins from mutant strains of P. gingivalis. We succeeded in obtaining homotrimeric Pgm7 but not Pgm6. Previously, we showed that homotrimeric Pgm6 was prone to degradation (9) . During the isolation step, we found that the unstable Pgm6 derived from the ⌬694 mutant strain did not retain its native glycoprotein structure and lost affinity for the lectin. Indeed, Western blotting with an anti-Pgm6/7 antibody identified a band of less than 40 kDa under reducing conditions and a faint 70-kDa band (presumable a homodimer) under nonreducing conditions (Fig. 5B) . A recent study showed that the Pro-Q emerald glycoprotein stain detected glycosylations carried by Pgm6 (PGN0729) after two-dimensional PAGE of crude whole-cell proteins derived from wild-type bacteria (54) .
Isolated heterotrimeric Pgm6/7 showed higher binding to ECM proteins including fibronectin than homotrimeric Pgm7. Thus, the heterotrimer appears to be the functional unit. To the best of our knowledge, this is the first report to use isolated bacterial proteins to show the biological importance of heterotrimeric structure of Pgm6/7. Several studies suggest that OmpA-like proteins from a variety of Gram-negative bacteria bind fibronectin (55) (56) (57) (58) (59) . In previous studies, we examined deletion mutants of OmpA-like proteins and found that heterotrimeric Pgm6/7 was also important for maintaining the integrity of the outer membrane (8, 9) .
To summarize, we demonstrated that the glycosylation of OmpA-like proteins with WGA-reactive moiety is found in P. gingivalis. Further studies of the potential role of glycosylated proteins and identification of the enzymes responsible for glycosylation in P. gingivalis are under way. Identifying the relationship between glycoprotein expression and pathogenicity may aid the diagnosis and treatment of periodontal pathogen-related diseases. 
